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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention is generally directed to measuring small relative angular 
orientation differences between two surfaces; such as roll bodies or other equipment surfaces. 

2. Discussion of the Prior Art 

A. Roll Parallel Measurement 

The most common small angle parallel measuring method involves using surveyor 
instruments to measure the position of a roll against a nearby offset reference line. A survey 
transit, for example, is adjusted to be parallel to a reference line and the reference line is 
perpendicular to the roll to be measured. TTie transit is then rotated exactly 90 degrees giving a 
line of sight that is approximately parallel to the roll. A ruler is placed on each end of the roll 
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and the transit line of sight is used to read the crosshair position at each ruler position. The 
difference in readings indicates if the roil is perpendicular to the offset reference Ime. The 
measurement of roll to roll parallel is performed by measuring each roll separately against the 
same offset reference line. The survey transit may need to be relocated for each roll to be 
measured. Optical tooling may be used instead of survey instruments for higher accuracy. 

The accuracy of this method has been improved by using lasers and electronic 
measurements of the laser position instead of a visual line of sight and rulers. However, the 
improved equipment is relatively expensive and requires specialized training. It can also be time 
consuming to obtain the desired measurement when the roll is in an awkward position or hidden 
behind obstructions requiring the need for specialized equipment setups and fixtures. 

In patent number 3,947,970 Lesure describes a roll alignment gauge that is useful for roll 
alignment when one roll is directly above another roll. The device is essentially a vertical level 
that is adapted to measuring roll to roll twist with a micrometer. In patent number 5,579,585 
Schaeffer describes a device that projects a vertical and horizontal axis of a roll surface to 
determine alignment to an offset line, but surveyor methods and equipment are still required to 
actually measure the roll orientation. 

B. Other Surfaces - Parallel Measurement 

The use of survey methods, previously mentioned, is also applicable to a range of 
equipment surfaces and various kinds of machinery. The measuring methods for checking 
machinery surfaces for parallel orientation are essentially the same. The use of laser beams and 
electronic laser beam detectors are particularly suited to measuring the relative alignment of 
various surfaces and edges to a very high accuracy. 

The use of inside micrometers to measure the parallel alignment between two surfaces is 
also a common way to measure small differences parallel orientation. This is useful when the 
measuring surfaces are readily available, correctly oriented to each other, closely spaced, and 
there is no obstructing equipment. However, in actual practice, the measuring surfaces may not 
be conveniently disposed to each other to facilitate such measurement. The surfaces to be 
checked may not be two parallel planes correctly oriented to each other, which is troublesome to 
measure accurately with standard measuring equipment. The surfaces may be a significant 
distance apart, beyond the measuring range of commonly available instruments. The surfaces 
may be rounded, making it particularly difficult to measure parallel orientation. 
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BRIEF SUMMARY OF THE INVENTION 

Accordingly, it is the object of this invention to provide convenient, direct, and accurate 
measurement of small orientation angles between two surfaces free of the use of surveyor 
methods. The orientation is measured in a two dimensional plane. Other objects, advantages, 
and contributions are set forth in the disclosing embodiments of the invention. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

Figure 1 shows a preferred embodiment where spherical measuring points are 
strategically placed on the two frames and a relative distance measurement is performed using a 
dial indicator on the end of a rigid rod. 

Figure 2 is another preferred embodiment where the two frames are mounted on the 
surfaces of two rolls. 

Figures 3 A and 3B are an enhancement of the device in Figure 2. A locking rod can be 
used to stabilize the rotational positions of the two frames relative to each other without 
influencing the angular orientation measurement. 

Figures 4A and 4B show another embodiment where a relative distance measurement is 
done with a string attached to a measuring device that provides tension. 

Figure 5 shows a simplified representation of the two flames demonstrating how the 
calculation of the angular orientation is performed by measuring the orientation of each frame 
relative to a reference line. 

Figure 6 shows another simplified representation of the two fiames demonstrating 
another method of calculating the angular orientation to a reference line. 

Figure 7 shows another simplified representation of the two flames demonstrating 
another calculation of the non-parallel alignment angle and the frame ofiTset distance. 

DETAILED DESCRIPTION OF THE INVENTION 

In general, the device consists of two precision frames that are attached to the surfaces to 
be measured. The flames include measuring points that are in a defined and parallel relationship 
to the surfaces to be measured. The reference points provide accurate and convenient 
measurement of the relative orientation of the two frames. Common measuring devices are then 
adapted to measure the relative distance between the points on the two fiames. The measuring 
devices and computational methods are tailored to the calculation and accurate measurement of 
very small non-parallel orientation angles. 
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In one preferred embodiment, the device is capable of measuring the non-parallel angle 
between two flat surfaces. In this case, the device consists of two substantially identical frames 
that are mounted on the surfaces to be measured. The frames include at least two measuring 
points parallel to the surfaces. The measuring points are defined by small round spherical 
sections that are carefiilly positioned. The spherical sections facilitate accurate measurement of 
the relative distance between the frames using highly sensitive measuring instruments. The use 
small spherical sections also removes the need for a particular rotational orientation between the 
two surfaces. 

The measuring points can be also be defined by a variety of shapes such as clips, grooves, 
rings, cups, concave curves, convex curves, holes, hooks, magnets, flat surfaces, triangles, cones, 
rounded ends on various shapes, and the like. 

The frames can be adapted to measuring the non^parallel angle between other surfaces. 
In another preferred embodiment, the device can be adapted to measuring the non-parallel angle 
between the surfaces of two rolls. In this case, the device consists of two substantially identical 
frames that are mounted on the radial surfaces of the two rolls to be measured. A v-groove in the 
firame aligns the frame to the roll surface. 

The calculation method for the parallel orientation angle between the two fi'ames is made 
considering the relative accuracy of the measurement of each component. One component is a 
differential distance measurement that can be performed by highly accurate instruments 
commonly available. Another component is the nominal distance between measuring points that 
can be measured by ordinary steel tapes. 

The differential distance measurements can be made using inside micrometers, scales, 
calipers, dial indicators, electronic distance measuring devices, and the like. A preferred 
embodiment is to use a dial indicator attached to the end of an adjustable length rod. Because 
differential distance measurements are needed to a high accuracy, a dial indicator with a very 
fine resolution may be employed. A dial indicator with a resolution of 0.001" or better is most 
preferable. If the two frames are made to accurate machining tolerances, angular orientation 
measurements less than 0.00005 radians are obtainable. 

If a dial indicator is used for the differential distance measurement, the ends of the 
adjustable length rod and dial indictor rod can be adapted for highly repeatable measurements. 



Counter-bored ends provided enhanced repeatability and accuracy when using spherical shaped 
measuring points. The ends can be counter-bored as a straight hole or a cone. 

The calculations assume that the measuring points between the two frames are in 
substantially the same plane. Significant out of plane twist between frames is detrimental to the 
calculations. Fortunately, it is the normal case for the equipment surfaces to be substantially in 
the same plane. The allowable out of plane twist varies with the distance between the frames, 
the symmetry of the twist, the spacing of the measuring points on each frame, and the desired 
measuring error. However, the out of plane twist should be no >yorse than 0.1 radians, and 
preferably less than 0.01 radians for closely spaced frames. 

In most cases, equipment surfaces may be checked for level to see if they present 
potential out of plane twist problems. It may be convenient to add bubble vials to the two frames 
to provide for level measurement. 

In another preferred embodiment, it is possible to measure the differential distances 
between the two frames using a string, fine chain, or wire under tension. For example, a string 
can be attached to a highly accurate measuring device that provides a steady tension. The string 
and measuring device can be moved from one measuring pair of points to another. The 
difference in distance is thereby determined. A highly accurate measurement is obtained by 
using a fine measuring instrument, such as a dial indicator, that is attached to the string. Even 
string tension can be provided by a spring. 

The two frames may also be adapted for the accurate measurement of the frame 
perpendicular angle relative to a reference line defined by the position of the two fi^es. Three 
equally spaced measuring points can be placed on each of the two frames in a manner to allow 
the non-perpendicular angle of the frames relative to a centerline between the two frames to be 
measured. 

Some rolls are manufactured to include a crown. That is, they have a slightly larger 
diameter in the middle. The non-parallel alignment angle still can be measured accurately 
provided that any out of plane twist between measuring points is minimized. 

When measuring roll parallel orientation, the weight of the fiames may cause the roll to 
rotate which presents difficulties with making accurate measurements. A clamp may be added to 
each frame so that a stabilizing bar may be used between the two fiames to prevent roll rotation 
during the measurement. If the two frames are installed and strapped to the rolls first, the 
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stabilizing rod can be clamped in a manner that does not change the parallel angle measurement. 
Counter weights may also be eniployed to prevent rotation. 

In another preferred embodiment, the relative longitudinal position of the two frames can 
be accurately measured. An additional differential distance measurement between measuring 
points can be made and the relative longitudinal offset distance between the frames can be 
calculated very accurately. This measurement is useful when rolls need to be centered to each 
other on the processing line. The frames can be centered on the rolls and then the horizontal 
offset measured from one fi^e to another. 

Figure 1 shows an embodiment of the invention where the measurement of the 
non-parallel angle is performed by using defined measuring points. The non-parallel alignment 
angle is to be determined for two flat surfaces 101, 102 where one surface is not perpendicular to 
the x-z plane. The two duplicate frames 103 are attached to the surfaces 101, 102 with straps 
110. A dial indicator 104 is attached to a rigid rod 105 and the measurement of the distance 
between the two measuring points 106 and 107 is shown. A second measurement is obtained 
between points 108 and 109. The change in the dial indicator reading (Ad) and the width (W) 
between points 106 and 108 are used to calculate the non-parallel angle {p) between the two 
surfaces 101, 102. 



The non-parallel angle {p) is measured in the plane defined by the measuring points 106, 107, 
108, and 109. 

In actual measuring practice, the rigid rod 105 will have a minor amount of droop. For 
short distance measurements, the droop is negligible. For longer distance measurements, the 
droop can be significant. Since only the difference in distance is needed, droop is not a problem 
provided it is consistent between measuring point pairs. This can be controlled by not rotating 
the measuring rod 105 between measurements. Also, the rod can be made from very stiff 



Figure 2 shows the fi^e arrangement for the non-parallel angle measurement of two 
rolls. The two fi-ames 201 do not have to be centered on the rolls for equation 1 to be accurate. 

The fi-ames may be offset along their respective roll central longitudinal axis. In this figure, the 
frames 201 have three measuring points 202 on three different surfaces. For clarity, only two 




(1) 



materials. 



-6- 



typical measurinjg points 202 are indicated. The multiple measuring surfaces allow measurement 
at different roll rotations. 

Figure 3 A shows an embodiment of the invention where the rolls need to be stabilized by 
attaching an anti-rotating stabilizing bar 301 to the end of the frames 302 using a sliding collar 
303. The detail view in Figure 3B shows that the collar 303 is attached to the frame 302 by pins 
304 that allow rotation perpendicular to the x-z plane so that the stabilizing bar 301 does not alter 
the angular position of the frames 302 on the roll surfaces. The stabilizing bar 301 may be 
allowed to slide freely through the opening in the collar 303 or it may be rigidly attached by 
locking thumbscrew 305. 

Figure 4A shows an embodiment of the invention where the relative measurement of 
distance is performed by a change in length of a string 405. Two rolls 401, 402 are shown with 
duplicate frames 403, 404 and a change in length measuring device mounted on a base plate 412 
that can be moved between two positions on frame 403 through mounting holes 406 and 
positioning pins (not shown) under the base plate 412. 

Figure 4B shows a detail view of a spring 409 that is attached to a dial indicator 410 
which provides string tension through the dial indicator measuring rod. A freely rotating pulley 
wheel 411 redirects the string to the measuring point. The dial indicator 410, spring 409, and 
pulley wheel 411 are mounted on a base plate 412. Stops 413 are anchored to the base plate 412 
to protect the dial indicator from over travel. In Figure 4A the base plate 412 is temporarily 
positioned on the fi^me 403 at one measuring position. To obtain a second reading, the base 
plate 412 is lifted and moved to a second measuring position on the other end of the same frame 
403. The string is also moved to the second measuring position 408 on the other frame 402. An 
accurate method is needed to attach the string to the measuring points 407, 408 which could also 
include magnets, clamps, grooves, shapes, clips, and the like. Figure 4A demonstrates a hook 
style. 

In some equipment alignment situations, the surfaces need to be aligned to a reference 
line that runs down the center of multiple surfaces. Additional calculations can be used to 
calculate individual angular orientation to the center of the frames. 

Figure 5 shows a siniplified top view representation of the two frames 51, 52 that 
highlights the measuring points 53, 54, 55, 56, 57, and 58. The distances between the measuring 
point pairs 53-56 (dl), 55-58 (d2), 53-58 (S3), 55-56 (S4), and 54-57 (d) are shown. The 
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reference line 59 goes through points 54 and 57. The calculation of the angles p\ for unit 51 and 
angle pi for unit 52 relative to the reference line are: 

Ad = d\-d2 AS = S3-S4 



/?l = sin 
yff2 = sin-' 



1 



2W{ d ) 
2W{ d 



(2) 



where the angles P 1 and /J2 are positive when rotated clockwise and are the deviation from 
perpendicular to the reference line. The calculations in equation 2 are accurate when the angles 
p\ and pi are less than 5 degrees because small angle assumptions were used. The non-parallel 
angle between the two surfaces is simply the difference between angles p\ and pi. 

Figure 6 shows a simplified top view representation of two duplicate frames that 
highlights the measuring points for measuring the non-perpendicular angle P of the frame 60 in 
reference to a line 65 between points 61 and 63 on the fi^es. When p is zero, a line between 
points 62 and 64 is perpendicular to line 65. The distances between the measuring point pairs 
61-62 (SI), 61-64 (S2), 62-64 (W), and 61-63 (d) are shown. The non-perpendicular angle p 
between the two frames is calculated by: 



AS = 52-51 



{^1 (3) 

. Wd \ ^ ^ 



The dimension AS is a change in length and can be measured by the methods already 
disclosed. Fine resolution of AS is required. The dimensions d and W are nominal lengths that 
can be measured with a steel tape. 

Figure 7 shows an embodiment of the invention where the measurement of the 
non-parallel angle P^ and the horizontal offset distance AX, are obtained by using defined 
measuring points. Again, the top view is shown of two duplicate fi-ames 71 and 72. The 
distances between the measuring point pairs 73-76 (dl), 74-77 (d), 75-78 (d2), 73-78 (S3), 75-76 
(S4), and 76-78 (W) are shown. The horizontal offset distance AX and the non-parallel angle p 
between frames 71 and 72 can be calculated by: 
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AS = S3-S4 



AX = 



SiAS)^d(Ad) 
2W 



(4) 



This series of equations assumes that the offset distance AX is small compared to the width W. 
The non-parallel anjgle >ff is measured relative to the line defined by the measuring points 73, 74, 
and 75, 

The determination of AX provides for additional understanding of the in plane angular 
orientation of the surfaces to each other. For example, when is AX is not zero, the measuring 
points define a parallelogram when fi=Q. 

While various embodiments of the present invention have been described, the invention 
may be modified and adapted to various angular measurements to those skilled in the art. 
Therefore, this invention is not limited to the description and figures shown herein, and includes 
all such changes and modifications that are encompassed by the scope of the claims. 
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